Water hyacinth (Eichhornia crassipes) is an invasive aquatic weed causing serious threats to water ecosystems throughout the world. Recently, considerable attention has been given at harvesting the plant for practical uses.
Introduction
For centuries, plants have been used as a source of medicines.
Traditional medicine using plant extracts still continues to provide health services for over 80% of the world's population, especially in the developing countries (WHO 2003) . Plant extracts have great potential as biologically active compounds against pathogens, including microorganisms (Fischer et al. 2004) . Also, the synergistic effect from the association of antibiotics in plant extracts against resistant bacteria leads to new choices for the treatment of infectious diseases which enables the plant as a potential candidate for drug development. In recent years, novel active compounds have been discovered from variety of plant species based on the study of traditional medicines (Fabricant and Farnsworth 2001; Tomoko et al. 2002) .
In contrary to the synthetic drugs, antimicrobials of plant origin do not have side effects and possess massive therapeutic potential to heal many infectious diseases.
Development of the antimicrobials from higher plants appears rewarding, leading to the development of phytochemicals to act against microbes (Iwu et al. 1999) . Antimicrobial activities reported in several plant taxa are due to the presence of such Botanica Orientalis -Journal of Plant Science (2011) 8: [33] [34] [35] [36] [37] [38] [39] ISSN 1726-6858 doi: http://dx.doi.org/10. 3126/botor.v8i0.5556 active constituent as phenols, quinones, flavones, flavonoids, flavonols, tannins, terpenoids, essential oils, alkaloids and so on (Cowan 1999; Harborne and Williams 2000) .
Water hyacinth [Eichhornia crassipes (Mart.) Solms] is one of the world's most obnoxious water weeds when not controlled (Reddy and Sutton 1984) . The plant is known for its well ability to grow in severe polluted water (So et al. 2003) . A large number of biologically active compounds have been extracted from this weed (Greca et al. 1991 (Greca et al. , 1992 Wang et al. 2011) . Recently, considerable attention has been given at harvesting the aquatic plant for practical uses to partially defray the cost of removing plants from water ways and use it as economical sources in many parts of the world (Widjajanto et al. 2003; Sharshar and Haroon 2009 ). This study was designed with an aim to evaluate the antimicrobial properties of the extracts of Eichhornia crassipes and assess the major pharmacologically active substances.
Materials and Methods

SAMPLING
The samples of Eichhornia crassipes for the laboratory research were collected from Fewa Lake, Pokhara, central Nepal. The whole plants were shade dried, ground to a fine powder and used for further analysis.
PREPARATION OF PLANT EXTRACTS
The extraction of the powdered plant materials was carried out by soxhlet extraction method and cold percolation method using chloroform and ethanol as extracting solvent following the protocol of Rosenthaler (1930) . Removal of the solvent from the extracts was done using rotary vacuum evaporator and the concentrated extracts were stored at 4 o C. Different working solutions of the extracts (10%, 20%, 30% and 40%) were prepared in dimethyl sulfooxide (DMSO). The yield of respective extract was calculated as: percentage yield (%) = (dry weight of extract/dry weight of samples) × 100. 
PHYTOCHEMICAL ANALYSIS
Plant samples were analyzed, following standard methods (Harborne 1973 (Harborne , 1998 Sofowora 1993; Mukherjee 2002; Kokate 2003) , to demonstrate the presence of the different pharmacologically active compounds.
Test for volatile oils:
The obtained hexane extract was concentrated to yield residue, in which methanol was added and shaken vigorously followed by filtration and then spotted on the filter paper. The presence/absence of the yellow color was noted, confirming the volatile oils in the presence of color.
Tests for alkaloids:
The hexane extract was dissolved in 2% v/v HCl (3 ml) and divided equally for Maeyer's test and Dragendorff's tests. The half solution was treated with 3 drops of Maeyer's reagent, and the presence of white precipitate indicated the presence of alkaloids. The next half solution was treated similarly with Dragendroff's reagent (3 drops), and the absence of the white precipitate indicated the absence of alkaloids.
Tests for sterols and triterpenes: The residue of hexane extract was dissolved in acetic anhydride (1 ml) and chloroform (1 ml), followed by the addition of conc. H 2 SO 4 from the side of the tube. Presence of the violet ring at the junction of two liquid and the appearance of green color in the upper level indicated the presence of sterols and triterpenes.
Test for carotenoids:
The residue of hexane extract was treated with 1 ml of conc. H 2 SO 4. Presence of the orange yellow color initially similar to the extract and turning to red indicated the presence of carotenoids.
Test for coumarins:
The ether extract was concentrated to yield the residue, dissolved in hot water (4 ml) and was left Test for reducing compound: One ml of the methanolic extract was mixed with water (1 ml) followed by Fehling's reagent and warmed over a water bath for 30 min. Presence of a brick red precipitate indicated the presence of reducing compounds.
Test for alkaloid salts:
The methanolic extract residue was treated with 2% HCl (4 ml) and was shaken vigorously and filtered. The obtained filtrate was treated with 10% (v/v) NH 4 OH solution until pH 8 and was extracted with CHCl 3 (15 ml). The lower combined layer was concentrated over a water bath in fume hood discarding the upper layer and 2% HCl (5 ml) was added and was taken for the different tests.
Firstly, the test solution was treated with Maeyer's reagent (3 drops) and then with Dragendorff's reagent (3 drops). In both cases, presence of white precipitate indicated the presence of alkaloid salts.
Test for polyphenols:
One ml of the methanolic extract was mixed with water (1 ml) followed by 1% (w/v) ferric chloride solution (3 drops). Presence of the greenish blue color indicated the presence of polyphenols.
Results
The yield of the extract was found to be 26.23 % and 17.65% in ethanol by hot and cold extraction, while the yield was 12.28 % and 6.61 % in chloroform by hot and cold extraction respectively.
The ethanolic extract was found far effective against the bacterial pathogens, while varied results were obtained on fungal strains. The soxhlet extract was found to be effective against the bacterial and fungal pathogens than the cold extract except for P. mirabilis, S. Paratyphi, F. oxysporum and Curvularia sp. Among the bacterial strains (Table 1) , S. Typhi was found to be more susceptible against the ethanol (soxhlet and cold) extracts. In the fungal strains, ethanol (soxhlet) extract was found to be more effective against Sclerotium rolfsii ( Table 2 ). The cold chloroform extract was found to be ineffective against tested bacterial pathogens. respectively. Salmonella Typhi and Schigella dysentriae were the most susceptible bacterium of all the tested bacteria, while Sclerotium rolfsii was found to be the most susceptible fungus.
The phytochemical screening of various solvent extracts revealed the presence of alkaloid salts, reducing compounds, polyoses and saponins (Table 3 ).
Discussion
The plant extract was found to have a good potential against Sclerotium rolfsii followed by Fusarium erundiforme, leading to best controlling and regulating mechanism against these phytopathogens. This may be due to the presence of saponins because saponins are active antifungal agents (Sodipo et al. 1991) having expectorant action, which is very useful in management of upper respiratory tract inflammation (Finar 1989; Trease and Evans 1989) . Sclerotium rolfsii, a phytopathogen that mainly attacks stems, roots, leaves and fruits and usually restricted to plant parts in contacts to the soil can widely be controlled by the application of water hyacinth.
The tested plant extract showed less activity against Many alkaloids contain at least one nitrogen atom in an amine type structure that makes them pharmacologically active. The antimicrobial effect of the extracts could be explained by Table 2 . Antifungal properties (ZOI in mm). The values shown are mean ± SD (n = 3).
Extraction methods
Concentrations ( disturbance of the permeability barrier of the bacterial membrane structure (Cowan 1999) .
In summary, our data indicate that the extracts from water hyacinth efficaciously inhibit Salmonella Typhi, Acinetobacter sp., Schigella sp., Escherichia coli, Sclerotium rolfsii and Fusarium proliferatum which make serious problems worldwide. This indicates that this plant may be useful for developing alternative compounds to treat infections caused by these antibiotic-resistant pathogens. As suggested in a recent report (Betoni et al. 2006) , these biologically active compounds of plant origin may be used together with known drugs in the development of pharmacological agents against different hazardous pathogens. Table 3 . Screening of the chemical constituents.
+ presence, -absence.
level. The broad activity of the extracts explains the widespread use of this plant for wound healing and other applications as well.
Scientists from divergent fields are investigating plants anew with an eye to their antimicrobial usefulness. A sense of urgency accompanies the search as the pace of species extinction continues. It would be advantageous to standardize methods of extraction and in-vitro testing. Also, alternative mechanisms of infection prevention and treatment should be included in initial activity screenings. Hence, the devastating aquatic weed can have the good antimicrobial properties because of some compounds, which we can use in preparing our pharmaceuticals products. By exploiting its low range medicinal properties, the weed can also be controlled to a certain extent. Attention to these issues could usher in a badly needed new era of chemotherapeutic treatment of infection by using plant and plant-derived products.
